Introduction
Acknowledged gaps in quality and safety as well as escalating costs are driving a growing interest in monitoring and evaluating health service performance. [1] [2] [3] [4] The objective is to learn, adapt, change and improve so that health outcomes, patient satisfaction, cost containment, regulatory compliance, together with attraction and retention of high calibre staff are optimised. 5 By tracking what
has happened and what is happening, forecasting and evidencebased health service planning is promoted. 6 Sets of indicators for measuring the performance of epilepsy care have been published. [7] [8] [9] [10] For example, the American Academy of Neurology (AAN) prescribe eight measures describing tasks that should be performed during a clinician-patient encounter to provide quality care and specify details to be contemporaneously documented in the medical record 10 . These cover issues of seizure type and frequency, aetiology, investigations, anti-epilepsy drug (AED) side-effects, surgery referral where appropriate, safety issues, contraception and pregnancy. By capturing these key performance indicators (KPIs), the quality of epilepsy care can by monitored, gaps in care identified and ultimately improvements made. In a recent self-reporting postal questionnaire survey of 792 neurologists, compliance varied between the AAN epilepsy quality measures. 11 The majority (83-94%) of respondents (n = 113)
reported adherence with measures related to seizure type and frequency, review of neuroimaging and EEG, and counselling women of childbearing age. Epilepsy classification and aetiology review at each visit was conducted by only 59% of the neurologists while 37% discussed AED side-effects at every encounter with the patient. Furthermore, number of years in practice, number of patients seen and additional fellowship training significantly influenced clinical behaviour. Although this study by Wasade et al. 11 highlights opportunities for additional clinician education to improve practice patterns, its subjective nature and low response rate (14%) does not meet the reliability criterion for an effective KPI. 12 Tools are required to support objective, unbiased and consistent measures of clinical performance.
Purpose: The American Academy of Neurology (AAN) quality indicators for epilepsy are designed to monitor quality, identify gaps, and ultimately drive improvements in clinical care. Appreciation of electronic patient records (EPR) to support such performance management is growing.
This study aimed to demonstrate the use of an epilepsy-specific EPR in applying the AAN measures to objectively monitor clinical performance. Method: A sample of out-patient clinics at Beaumont Hospital, Dublin was benchmarked against 4 of the AAN quality indicators. Results: 88% (142/160) of clinical encounters met the requirement to explicitly document seizure type and seizure frequency at each visit; aetiology or epilepsy syndrome was documented/updated for 58% (93/160); evidence of counselling about antiepileptic drug side effects was present in 34% (54/160) of records; counselling for women of childbearing potential was documented in 33% (18/57) of relevant records.
Conclusion:
The EPR makes performance monitoring efficient and objective. Results suggest either failure to carryout recommended clinical tasks or poor documentation. Whichever is the case, a baseline is provided against which improvement goals can be set.
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Feasibility and timeliness are also among the characteristics of effective KPIs. 13 The burden of collecting and reporting the data for generating the KPI should not outweigh the value of the information obtained. 12 Yet, while healthcare organisations are data rich, they are often information poor. 5 Access to accurate, timely and complete information required for effective performance management can be limited because enterprise-wide approaches to data management are lacking. 5 Robust, interrogatable information systems such as electronic patient records (EPRs) are indicated. 14 
Study aim
The aim of this study was to demonstrate the role of an epilepsy-specific EPR in supporting the application of the AAN quality measures to an out-patient clinic at Beaumont Hospital, Dublin. Concordance between care documented in the EPR and the quality indicators (QIs) was measured. Consequently, an inevitable secondary outcome of the study was an assessment of the performance of this epilepsy service. In this regard, it was anticipated that the study would highlight opportunities for process and clinical documentation improvement as well as enhancements to EPR functionality.
Study context

The national epilepsy clinical care programme in Ireland
Approximately 40,000 people in Ireland have epilepsy. 15 Acknowledging an unmet demand for specialist epilepsy services, a new evidence-based model 16, 17 for managing epilepsy care is currently being implemented by the Irish Health Service Executive (HSE). Key components of the model are: structured primary care; regional epilepsy centres; the regional deployment of specialist epilepsy nurses who will lead the delivery of integrated care; and a national centre for complex epilepsy based at Beaumont Hospital, Dublin. For more than two decades, Beaumont Hospital has been the main tertiary referral centre for people with epilepsy and related disorders in Ireland, providing a comprehensive multidisciplinary medical and surgical service together with engagement in research and development. Success of the HSE model of integrated epilepsy care depends on clinicians having access to relevant clinical information when and where needed. A secure web-based EPR can facilitate this by supporting the sharing and exchange of standardised patient information. EPR access to authorised clinicians at any geographical location will improve integration of Irish health services and enhance continuity of care for people with epilepsy. Furthermore, an EPR can support epilepsy service monitoring, evaluation and planning, as large volumes of individual or populations of integrated, harmonised and consistent patient data are easily interrogated and analysed.
An epilepsy electronic patient record
The Epilepsy Programme at Beaumont Hospital has designed, developed and implemented a secure web-based epilepsy-specific EPR. 18 In this study, which was approved by the Medical Research Ethics Committee at Beaumont Hospital, AAN QIs were used to evaluate the epilepsy EPR as a tool for supporting performance management. The EPR then facilitated assessment of QI concordance in an epilepsy out-patient service.
Methods
Study setting
This study was based on the tasks performed, and data recorded in the EPR, during encounters between clinicians and returnpatients over a sample of 5 consecutive out-patient epilepsy clinics between September and October 2011 held at Beaumont Hospital. Approximately 35 return-patients and 10 first-visit patients attend the epilepsy out-patient clinic which is held weekly. Two senior medical doctors (1 Â consultant epileptologist and 1 Â senior epilepsy registrar), three non-consultant resident hospital doctors and two advanced nurse practitioners (ANP) deliver the outpatient service. The patient to man-hour ratio at the clinic results in 50 min being allocated to each patient visit. However, the actual duration of visits range from 20 min to 3 h and depends on the complexity of the individual patient's needs.
At the clinical encounter the EPR is used by clinicians (doctors and nurses) to review and update patient notes, and to generate the patient care-plan which can be communicated to other clinicians involved in the patient's continuing care. For returnpatients who already have data in the EPR this is an efficient process. For example, with a few mouse-clicks clinicians can review a complete list of prior AEDs with associated side-effects and/or reasons for discontinuing. Similarly, updating the record is done using tick-boxes, drop-down lists and minimal free-text comments. As it is used in the presence of the patient, information added to the EPR by the clinician is validated at the point of clinical contact.
Interrogating the EPR
AAN QIs applicable to all patients with epilepsy that should be considered at every clinic visit (measures 1, 2, and 5), as well another (measure 8) that relates to a distinct type of counselling for a specific epilepsy sub-population, were selected to demonstrate the use of the EPR in monitoring clinical performance (Table 1) . 10 The remaining QIs relate to initial clinical evaluation (measures 3 and 4), patients where surgical referral is indicated (measure 6) or a wider array of advice topics for more heterogeneous epilepsy groups (measure 7).
Concordance between care documented and the QIs is a proportion defined by the number of clinical encounters properly fulfilling the measure (the numerator) divided by the number of encounters for which the measure is applicable (the denominator). Feasibility of interrogating the EPR to extract the relevant data set was first considered. This involved establishing if pertinent modules of functionality existed within which were structured (tick-boxes, drop-down menus) and unstructured fields (free-text commentary) to capture the relevant data.
Generating AAN quality measures
Using a standard database query language, data was extracted from the EPR to generate the numerator and the denominator for each of the quality measures. To calculate the specific AAN performance measure, the numerator divided by the denominator is expressed as a percentage. Table 1 , presents the performance measures (concordance), generated for quality indicators 1, 2, 5 and 8.
Results
Establishing the performance denominators
The denominator, or total number of encounters for which a measure is applicable, was first established ( Table 1 ). The EPR careplan was identified as being appropriate to generating the denominators (Fig. 1) .
During an encounter, the clinician interviews the patient on the nature (semiology, severity, frequency) of their seizures, response to AEDs, counsels them on lifestyle issues that can impact on their condition and discusses investigation results. Based on this interaction a plan for the patient's on-going clinical care is made. This is communicated to other clinicians who are involved in the patient's continuing care. Using the EPR, the clinician selects a ''create plan'' option which automatically pulls data from various modules into a care-plan format. Before this can be generated, certain mandatory EPR data fields related to event/seizure description and AED history must be populated. Then by selecting from sets of tick-boxes within the careplan, the clinician can record: counselling (e.g. lifestyle and safety, driving, contraception) provided to the patient during the consultation; investigations for which the patient has been referred (e.g. MRI, EEG); referrals for additional consultations (e.g. epilepsy surgery, neuropsychology). Free-text comments can also be added. The plan is verified by the author and can be printed immediately to be sent by post, or sent electronically via HEALTHLINK 1 to clinicians who are registered with this messaging system. It is also stored in the patient's electronic record where it will be available to those authorised to use the EPR. This EPR enabled workflow results in prompt standardised clinical information sharing between clinicians thereby enhancing quality of care (Fig. 1) . Indicators 1, 2, and 5 share the same performance denominator which is defined as ''all visits for patients with a diagnosis of epilepsy'' (Table 1) . By interrogating the EPR to count the total number of care-plans generated at out-patient clinic encounters (Fig. 1) during the sample period, for those patients whose event(s) was classified as epilepsy (Fig. 2) , a performance denominator of 160 for these three measures was established.
For measure 8, the performance denominator is defined as ''All females of childbearing potential (12-44 years old) with a diagnosis of epilepsy''. Again, this denominator was established using the EPR to count the total number of relevant care-plans generated at out-patient clinic encounters (Fig. 1) during the sample period for individual female patients aged between 12 and 44 years whose event(s) was classified as epilepsy (Fig. 2) . A performance denominator of 57 was established (Table 1) .
Establishing the performance numerators 4.2.1. Indicator 1
The EPR epilepsy history module was identified as having the functionality to capture data relevant to generating the numerator for this measure ( Fig. 2; Table 1 ). This module has three axes: Semiology and Classification; Epilepsy Syndrome; Aetiology.
Within the first axis, data about the type(s) of seizure(s) experienced by the patient can be captured. Use of this axis starts by first classifying the event (i.e. unclassified, epileptic seizure, non-epileptic event), and then proceeding to complete a number of data fields to record details. If the ''epileptic seizure'' option is selected for event classification then the ''seizure classification'' field becomes mandatory. Data fields are largely structured to facilitate standardised documentation. Unstructured (free-text) fields are also available to capture less common descriptions as well as individual patient nuances. The structured data fields, made up of tick-boxes and drop-down menus of frequently-used clinical descriptions, include an ''other'' option. When ''other'' is selected, the user gets the opportunity to enter a free-text explanation.
At each patient encounter, the clinician can review data stored in the ''Semiology and Classification'' axis and then update the record (Fig. 2) . If the patient's status has not changed since the last encounter, this can be recorded by clicking a ''Reviewed No Changes'' button. Structured data in the seizure classification, seizure frequency and Reviewed No Change fields of this axis were recognised as relevant to generating the numerator for measure no. 1. Although population of the first two of these is mandatory to initially define a care-plan, the system does not subsequently require the clinician to update these values or to select ''Review No Changes''. Consequently, the data pulled into the care-plan, while still reflecting the patient's current status, may have been entered to the EPR at a previous clinical encounter. The numerator obtained here is therefore a valid indicator of the quality of clinical documentation rather than of system design. Interrogation of the relevant data fields revealed that seizure type and current seizure frequency was explicitly documented/updated for 142 individual encounters at the out-patient clinic during the sample period (performance numerator).
Indicator 2
For this measure (Table 1) , structured data in the Epilepsy Syndrome and Aetiology axes of the EPR epilepsy history module was identified as appropriate to generating the numerator (Fig. 2) . The epilepsy syndrome axis contains fields for capturing whether the syndrome is localisation related, generalised, acute symptomatic, specific paediatric or non-epileptic. Within the aetiology axis, data regarding known or unknown underlying causes of the patient's epilepsy can be captured. In these two axes the user can select from drop-down menus of common descriptions or use an ''other'' option and include a free-text comment. If the patient's status has not changed since the last encounter, this can be recorded by clicking a ''Reviewed No Changes'' button. In the syndrome axis the first step is to record if the syndrome is classified (Fig. 2) .
As the inclusion of data in the epilepsy syndrome axis is mandatory for creating the EPR generated care-plan, the accuracy of which must be verified by the clinician, it could be interpreted that all those encounters for which a care-plan was produced during the sample period properly fulfilled the measure. As previously stated however, this assessment is not accurate as use of the ''Reviewed No Changes'' button was not mandatory. By interrogating the relevant EPR fields, evidence was found (performance numerator) that aetiology or epilepsy syndrome review and documentation was conducted for 93 individual encounters at the out-patient clinic during the sample period.
Indicator 5
The AED and the care-plan modules of the EPR were identified as relevant to generating the numerator for this measure (Table 1 ; Fig. 3 ). The AED module captures data about current and prior AEDs. This includes AED name, dosage and frequency, route, target dose, side-effects, seizure response, and where appropriate reason for discontinuation of an AED. When using the care-plan functionality of the EPR, the clinician has the option of selecting from a list of tick boxes to indicate that possible AED related sideeffects have been discussed and/or by adding free-text comments Fig. 3 . EPR supported workflow for documenting current and prior AEDs. (Fig. 1) . Interrogation of the side-effects field of the AED and careplan modules, as well as a search for appropriate side-effect terms in comment fields of the care-plan produced a numerator of 54 for measure 5 for the sample period.
Indicator 8
Two features of the EPR care-plan module were identified as relevant for generating the numerator for this measure (Table 1 ; Fig. 1 ). These were the structured data in the ''issues discussed'' field as well as free-text contraception and pregnancy terms in the comment fields. Care-plans over the previous 12 months for the patients included in this measure were interrogated and produced a performance numerator =18.
Discussion
Facilitation of efficient clinical performance monitoring using an epilepsy-specific EPR has been demonstrated. The EPR architecture makes application of AAN epilepsy QIs both feasible and straightforward. It provides a tool for objective assessment rather than relying on self-reporting by neurologists. 11 Unlike previously reported quality assessment, no data abstraction to a separate data form or spreadsheet for subsequent analysis was required. 9 Once created, the relevant database queries were applied to automatically interrogate more than 2000 individual patient records to firstly identify those patients who attended the out-patient service during the sample period and then produce the performance measures of interest for this cohort in a matter of minutes. Furthermore, in keeping with data protection legislation, there was no unnecessary handling of patient-identifiable data as the automated procedure simply counted entries to relevant database fields. The queries can be re-used to monitor changes in the performance of epilepsy care over time.
The study was limited to application of 4 of the 8 AAN QIs in a single setting (out-patient clinic). As described in Section 3, the four chosen were those mainly relevant to a routine follow-up visit. First-time patient visits to the clinic were not included in the evaluation. Nevertheless, potential for clinical process improvement and/or enhancement to the EPR were highlighted. Thus development of database queries for the remaining QIs as well as performance monitoring in other settings (e.g. in-patient care) is encouraged. The performance measurement results (Table 1 ) may indicate either a failure to carry out recommended clinical tasks or poor documentation. 20 However, the absence of evidence may not mean evidence of absence. Furthermore, more rules or mandatory EPR fields might promote better performance. Nevertheless, a baseline is provided against which improvement goals can be set. Up to date, accurate and complete medical records are fundamental to safe patient care. Clinicians are obliged to understand their responsibility in this regard. 20 Nevertheless, the importance of data quality can often be undervalued with healthcare staff poorly trained in data management 21 and clinical documentation. As illustrated in this study, controls associated with the use of the epilepsy EPR care-plan functionality together with the expectation that clinicians check and verify care-plan contents, implied a 100% concordance with QIs 1 (seizure type and frequency) and 2 (aetiology and epilepsy syndrome). However, interrogation of the EPR revealed that explicit updating of the relevant data fields was not always carried out. Therefore, data pulled into the care-plan, while still reflective of patient's current status, may have been entered to the EPR at a previous clinical encounter. Additionally, further examination exposed occasional inconsistencies in EPR generated care-plans, where for example free-text comment about seizure frequency is added that contradicts with data automatically pulled into it. This suggests failure by the clinician to check and verify the care-plan content. Additional training in clinical documentation and/or enhancement to the EPR to promote this step is indicated. Our results regarding seizure type and frequency (88% compliance), and aetiology (58% compliance) are similar to those previously reported. 11 Low conformance regarding querying and counselling about AED side-effects (34%) and counselling women of childbearing potential (33%) were demonstrated. Follow-up discussion with clinicians indicated that if patients did not experience an AED related side-effect then this was not documented even though the EPR provided a ''no side-effects experienced'' option. Therefore, the proportion of encounters fulfilling this measure may more reflect the incidence of AED related side-effects in a population of people with epilepsy rather than evidence of the required counselling being carried out. However, similarly poor clinical performance in relation to these patient education and chronic disease management issues has been reported before. 9, 11 Pugh et al. 9 suggest that although such issues may be addressed in a specialist epilepsy care setting, they may not be recorded due to intensive documentation required to manage more acute seizure care. While EPRs can facilitate better quality clinical documentation, this study demonstrates that the technology is only one part of a socio-technical ensemble requiring attention. 18 To optimise its adoption and usability, design, development and implementation of the epilepsy EPR respected the inter-relatedness of human, organisational and technological dimensions. 18 In this regard, epilepsy EPR developers worked closely with the end-users to realise a solution that could be used safely and effectively. Aware that human behaviour is more likely to follow the principle of least effort, a balance between mandatory and optional EPR fields was judiciously established. Feedback from epilepsy EPR users indicated high satisfaction with the resulting system. Despite this approach, results of this study show that EPR users will, when possible, take short-cuts in documentation with implications for data completeness and ultimately patient care. Further human factors investigation is warranted to understand how cognitive and practical demands in the clinical setting affect users' interaction with the EPR. 22 Such investigation can inform enhanced EPR design. When the epilepsy EPR was being implemented at Beaumont Hospital, there was concern that inputting data during the clinical encounter would add time to an already lengthy process. However, experience with the system and the return on time invested in populating the EPR, has allayed this fear. Clinicians readily enter data to the EPR during their engagement with the patient. Updating the record for return-patients who already have an EPR is unobtrusive. Initial data entry for a new patient inevitably takes time, but varies with the proficiency of the EPR user. Data entered once is being used in multiple ways to support a range of Beaumont Hospital epilepsy services. The EPR can be accessed by different users, often at the same time, to support several tasks such as vagal nerve stimulator (VNS) clinic, nurse-led telephone advice line, multi-disciplinary epilepsy surgery review meeting, clinical audit, clinical research and epilepsy service performance management. Patients have similarly welcomed the EPR. For example, they recognise its potential for improving continuity of their care as the technology means that multiple clinicians can have access to the same clinical information.
Uncoordinated care, inconsistent advice, inappropriate or unnecessary investigations, delays in diagnosis and initiation of treatment, redundant hospital admissions, misdiagnosis, inappropriate use of accident and emergency resources, and poor drug prescribing are all contributors to poor healthcare quality and significant opportunity costs. 23 The consequent international move to transform healthcare delivery recognises the importance of performance management for providing the evidence upon which new models of care are based and subsequently evaluated. The quality of documentation by clinicians is fundamental to the veracity of evidence. Responsibility for controlling this quality cannot therefore be abdicated to healthcare administrators or IT personnel. Appreciation of the potential of EPRs to support performance management is growing and is reflected in international health care reform programmes. For example, the Health Information Technology for Economic and Clinical Health (HITECH) Act in the USA is driving adoption by incentivising the meaningful use of electronic health records. 24 This refers to electronically capturing health information in a coded format, using that information to track key clinical conditions, communicating the information in order to help co-ordinate care, and initiating the reporting of clinical quality measures and public health information. 24 
Conclusion
This study has demonstrated an epilepsy-specific EPR that functions in a meaningful way. In addition to supporting clinical care, it is a good tool for objectively and efficiently monitoring service quality. However, despite its effectiveness, interrogation of the EPR showed that aspects of epilepsy care were either not performed or not documented. These observations together with feedback from the clinical users will inform enhancements to the EPR and further promote QI compliance.
